Introduction
[2] Since Poupinet et al. [1983] first observed travel time anomalies associated with PKIKP (PKPdf ), a P wave transmitting through the inner core, there have been extensive seismic studies on the three-dimensional seismic velocity structures in the inner core. The existence of anisotropy in the inner core is well established by numerous seismic studies from absolute travel time [Morelli et al., 1986; Shearer, 1988; Su and Dziewonski, 1995] , differential travel time [Creager, 1992; Song and Helmberger, 1995; McSweeney et al., 1997; Creager, 1999] , and anomalous splitting of core-sensitive modes Tromp, 1993] . These studies suggest that anisotropy appears to approximately have an axial symmetry, with P velocity being 3% faster in the polar direction than near the equatorial direction. It also now becomes clear that seismic observations demand a much more complicated seismic structure in the inner core. Several studies indicate that anisotropy varies with depth with the top part of the inner core being isotropic or weakly anisotropic [Shearer, 1994; Song and Helmberger,[3] At the same time, there is also an extensive search for both microscopic and macroscopic mechanisms for explaining the seismic velocity and attenuation structures, especially the anisotropic velocity structure, of the inner core. The inner core is believed to be composed mostly of iron with hexagonal close-packed (hcp) structure (-Fe) [Brown and McQueen, 1986; Anderson, 1986] . Both theoretical and experimental studies indicate that the hcp-iron crystals are anisotropic in seismic velocities [Stixrude and Cohen, 1995; Mao et al., 1998 Mao et al., , 1999 . The macroscopic mechanisms for producing the observed seismic anisotropy in the inner core remain unclear. The proposed mechanisms include lattice preferred orientation of the hcp iron crystals by convection in the inner core [Jeanloz and Wenk, 1988; Weber and Machetel, 1992] , magnetic field at the inner core boundary [Karato, 1993 [Karato, , 1999 , viscous flow induced by preferential growth of the inner core . Solidification texturing is also suggested as a possible mechanism for generating the anisotropy [Bergman, 1997] .
[4] Compared to the deep part of the inner core, there are less systematic studies about the nature of the top of the inner core. Understanding the detailed seismic structure in the top of the inner core, however, could potentially help to distinguish various proposals for the cause of the anisotropy observed in the deep part of the inner core. For example, does the inner core acquire its anisotropy at the time of the solidification or does the inner core anisotropy develop later? If the outermost of the inner core convects, is convection destructive or constructive in developing anisotropy in the inner core? The top of the inner core, by itself, also plays an important role in understanding the thermodynamic process near the inner core boundary, the interaction between the inner and outer core, the growth of the inner core, and the dynamic processes inside the inner core. For example, is the top of the inner core a mushy zone as suggested from the consideration of thermodynamic equilibrium [Fearn et al., 1981] , or would the dynamical effects due to compaction exclude the fluid out of the inner core ? Is there a large-scale heat flow anomaly, perhaps induced by the core mantle boundary, in the bottom of the outer core? and, does the outermost of the inner core convect?
[5] The lack of knowledge about seismic structure in the top of the inner core will also undoubtedly affect our inference of seismic structures about the deeper portion of the inner core, as any seismic phases sampling the deep part of the inner core will unavoidably propagate through the Figure 1 . PKiKP and PKIKP ray paths at the distances of 130°and 141°based on PREM [Dziewonski and Anderson, 1981] . PKiKP is the P wave reflected off the inner core boundary, and PKIKP (PKPdf ) is the P wave propagating through the inner core. Note that these two phases have almost identical ray paths in the mantle. The differential travel time and amplitude between the two phases eliminate effects due to uncertainties of source radiation pattern and seismic heterogeneities in the mantle. The waveforms of these phases are most sensitive to the seismic velocity and attenuation structures in the top of the inner core. heterogeneities in the top of the inner core. Indeed, Niu and Wen [2001] reports that strong seismic heterogeneities in the top 80 km of the inner core could largely explain the differential PKPbc-PKPdf travel time anomalies observed near the equatorial direction [Tanaka and Hamaguchi, 1997] . At the same time, the consistency between our observations which sample the top of the inner core [e.g., Niu and Wen, 2001] and those sampling the deep part of the inner core [e.g., Tanaka and Hamaguchi, 1997] also gives us confidence that these signals indeed originate from the inner core rather than the mantle as argued by Breger et al. [2000] .
[6] We have done an extensive search for PKIKP and PKiKP phases recorded in both the Global Seismic Network and many regional seismic arrays. The differential PKiKP-PKIKP travel times clearly reveal a difference of seismic velocity between the ''western'' and ''eastern'' hemispheres [Niu and Wen, 2001] . In this study, we present and discuss in detail the seismic observations sampling these two ''hemispheres.'' We then explore seismic models from waveform modeling for velocity and attenuation structures appropriate for explaining the seismic data. We also discuss possible interpretations for the inferred seismic structures, as well as possible mechanism for generating the difference of seismic structures between the two hemispheres.
Seismic Observations and Detailed Seismic Velocity and Attenuation Structures
[7] The waveform and differential travel time of seismic PKIKP and PKiKP phases at the distance range between 120°and 141°provide an ideal opportunity to study the seismic structures in the top of the inner core. PKiKP is the reflection off the inner core boundary and PKIKP is the P wave propagating through the inner core (Figure 1 ). At this distance range (120°-141°), the waveform and differential travel time between these two phases are most sensitive to the seismic velocity and attenuation structures in the top 80 km of the inner core. Their relative amplitude and differential travel time would not be affected by the uncertainties due to source radiation pattern and seismic heterogeneities in the mantle, as both PKIKP and PKiKP phases have same take-off angles from earthquake source and same incident angles to seismic stations (Figure 1 ). The effects of seismic structures at the core-mantle boundary are also minor, because the separation between these two phases at the core-mantle boundary is less than 50 km, much less than the Fresnel zones of these two phases. The hit points of PKIKP and PKiKP phases also overlay each other at the coremantle boundary for dense array observations [Niu and Wen, 2001] .
[8] We begin our presentation by showing seismic observations recorded in several regional dense seismic arrays (Figures 2, 3a , and 3c and events in bold in Table 1 ). The PKIKP and PKiKP phases recorded in two African seismic arrays and two South American seismic arrays sample the eastern and western hemispheres of the inner core, respectively ( Figure 2 ). All broadband seismograms are filtered with the WWSSN short period instrument response and aligned along the maximum amplitudes of the PKiKP phases. Distance corrections are made so that all seismograms are aligned at the distances equivalent to a common source depth of 600 km. When referenced to the PKiKP phases, the PKIKP phases exhibit different characteristics between those sampling the two hemispheres of the top of the inner core (Figures 3a and 3c) . (1) In the distance range of 131°-141°, PKIKP phases sampling the eastern hemisphere of the inner core arrive about 0.4 s earlier than the theoretical arrivals predicted by PREM, whereas those sampling the western hemisphere arrive about 0.3 s later.
(2) The bifurcation of the PKIKP phase occurs at smaller epicentral distances for those sampling the eastern hemisphere than for those sampling the western hemisphere. (3) PKIKP/PKiKP amplitude ratios are smaller for the PKIKP phases sampling the eastern hemisphere of the inner core.
[9] PKiKP-PKIKP phases recorded in the Global Seismic Network show same different characteristics for seismic waves sampling the eastern and western hemispheres of the inner core (Figures 4, 5a, 6a, and 6b) . Global data are collected from deep moderate earthquakes, covering the period from January 1990 to December 1998 ( Figure 4 and Table 1 ). Every event is checked for the simplicity of source time function. Every seismogram is eye-checked for its quality. The top of the inner core is reasonably well sampled, although the coverage of the sampling varies from region to region (Figure 4) . We hand-pick PKIKP and PKiKP phases recorded at the distance range of 130°-141°and report a hemispherical difference of differential PKiKP-PKIKP travel times in our previous study [Niu and Wen, 2001] . In this study, for the purpose of waveform modeling, we expand our data collection to the distance range of 120°-141° (Figures 5a, 6a , and 6b). Like those observed in the dense seismic arrays (Figures 3a and 3c) , the waveform and the differential travel time of this global collection of PKiKP-PKIKP data show same characteristics for seismic waves sampling the western and eastern hemispheres of the inner core (Figures 5a, 6a , and 6b). The PKIKP/PKiKP amplitude ratios observed in this global data set are also systematically larger for seismic waves sampling the western hemisphere of the inner core (Figure 7 ), similar to those observed in the dense seismic arrays (Figures 3a and 3c) .
[10] The above observed waveform and travel time characteristics can be used to place constraints on the [Helmberger, 1983] for seismic models appropriate for the two hemispheres of the top of the inner core. All broadband seismograms are filtered with the WWSSN short-period instrument response and aligned along the maximum amplitudes of the PKiKP phases. The maximum PKiKP amplitudes are impossible to pick at distances less than about 130°for the seismic data sampling the western hemisphere ( Figure 3a ) and at distances less than about 127°for those sampling the eastern hemisphere (Figure 3c ). For those observations, they are aligned by waveform fitting the synthetics based on models E1 (E2) and W1 (W2), respectively. Distance corrections are made so that all seismograms are aligned at the distances equivalent to a common source depth of 600 km. Synthetics for the observations sampling the western hemisphere are calculated using seismic models W1 (heavy traces, Figure 3b ) and W2 (dashed traces, Figure 3b ) and those for observations sampling the eastern hemisphere are calculated using seismic models E1 (heavy traces, Figure 3d ) and E2 (dashed traces, Figure 3d ) (see models in Figure 8 ). The dashed lines are predicted arrivals based on PREM, and the heavy lines mark approximately the arrivals observed in PKIKP and PKiKP phases. Note that the PKIKP phases sampling the eastern hemisphere of the inner core bifurcate in smaller distances, arrive earlier and have smaller amplitudes, than those sampling the western hemisphere. Note also the indistinguishable synthetics produced by models W1, W2 (Figure 3b ) and E1, E2 (Figure 3d) . A source depth of 600 km is used in the calculations. detailed seismic velocity and attenuation structures in the top of the inner core. Because the hemispherical difference of waveform and travel time is consistently observed in both the global and regional seismic networks, this difference is not caused by lateral variations of seismic structure within the two hemispheres. It is instead indicative of a hemispherical difference of radial velocity and attenuation structures in the top of the inner core. We thus focus our efforts on one dimensional waveform modeling. The bifurcation distance of the PKIKP phase and the seismic waveform at the bifurcation distance place tight constraints on the P velocity increase across the inner core boundary. The subsequent move outs and waveshapes of the PKIKP phases constrain the radial velocity gradient and Q structure in the top of the inner core. We search velocity and Q models within all ranges of these parameters: the P velocity increase across the inner core boundary, an average Q value in the top of the inner core, the radial velocity gradient in the top of the inner core, and the radial velocity gradient in the bottom of the outer core. We also test the possibility of seismic scattering as an alternative to intrinsic attenuation.
[11] We first fix the seismic velocity structures above the inner core boundary to be PREM values and test different seismic structures in the top of the inner core.
The observations sampling the western hemisphere of the inner core (Figures 3a and 5a) can be explained by a model with a P velocity increase of 0.633 km/s across the inner core boundary, a radial velocity gradient of 0.000533 (km/s)/km and an average Q value of 600 (W1, Figures 8a  and 8b ), whereas the observations sampling the eastern hemisphere of the inner core (Figures 3c, 6a , and 6b) suggest a P velocity increase of 0.765 km/s across the inner core boundary, a small radial velocity gradient of 0.000055 (km/s)/km, and an average Q structure of 250 (E1, Figures 8a and 8b) . Overall, synthetics calculated using models W1 (heavy traces, Figure 3b ) and E1 (heavy traces, Figure 3d ) match well the observations sampling the western (Figures 3a and 5a ) and the eastern (Figures 3c, 6c , and 6d) hemispheres of the inner core.
[12] The inferred seismic velocities in the top of the inner core, however, depend strongly on the assumed seismic structures in the outer core, especially those in the bottom of the outer core. The predicted bifurcation distance and differential PKiKP-PKIKP travel time are sensitive to the seismic structures in both the top of the inner core and the bottom of the outer core. However, the relative difference of the inferred seismic velocities in the top of the inner core between the two hemispheres is affected little by the Figure 4 for great circle paths and the western hemisphere of the inner core sampled). All seismograms are processed and aligned as those in Figure 3a . Distance corrections are made so that all seismic data (Figure 5a ) are aligned at the distances equivalent to a common source depth of 600 km. The dash lines are theoretical predicted arrivals based on PREM and the heavy lines mark approximately the arrivals observed in the PKIKP and PKiKP phases. Note that the data collected in the global seismic network show same characteristics as those recorded in the regional seismic networks (Figure 3a) . Synthetics are calculated based on model W1 (heavy traces) and a model with W1 velocity structures and a Q value of 250 (dashed traces). A source depth of 600 km is used in the synthetic calculations. ESE velocity structures assumed in the bottom of the outer core. For example, when we adopt a smaller radial velocity gradient (0.00023 (km/s)/km) in the bottom 20 km of the outer core, models W2 and E2 (Figures 8a and 8b ) produce synthetic seismograms (dashed traces, Figure 3b for W2 and Figure 3d for E2) indistinguishable from those predicted by models W1 (heavy traces, Figure 3b ) and E1 (heavy traces, Figure 3d ). The velocity difference between E2 and W2 is the same as that between E1 and W1, although the velocity values at the top of the inner core change from 11.118 km/s (E1) to 11.085 km/s (E2) in the eastern hemisphere and from 10.986 km/s (W1) to 10.953 km/s (W2) in the western hemisphere (Figure 8a ). Models E2 and W2, however, predict different absolute travel times from models E1 and W1 (Figure 9 ). The absolute velocity structures in the top of the inner core are theoretically resolvable from the PKIKP absolute travel times. We choose not to proceed further as absolute times would also be affected by many factors, such as, mislocation of earthquake and seismic structures elsewhere. We instead emphasize the result of the relative difference of seismic velocity and Q structures between the two hemispheres.
[13] The different radial velocity gradients between the two hemispheres are tightly constrained by the observed waveform features. In Figure 6 , we present ''global'' seismic observations (Figures 6a and 6b) sampling the eastern hemisphere of the inner core and compare them with synthetic seismograms (Figures 6c -6f ) for model E1 and models with W1 radial velocity gradient in the top of the inner core. Because of the density of the data, we divide the data into two panels (Figures 6a and 6b or heavy black traces in Figures 6c and 6d) , just for the displaying purpose. Model W1 is constrained by the observations sampling the western hemisphere (Figures 3a, 3b , and 5). Model E1 is also derived from the regional observations sampling the eastern hemisphere (Figures 3c and 3d) . Model E11, with a P velocity Figure  6c ; Figure 6f for the box in Figure 6d ). The seismic data are collected from the Global Seismic Network (see Figure 4 for great circle paths and the eastern hemisphere of the inner core sampled). All seismograms are processed and aligned as those in Figure 3c . Distance corrections are made so that all seismic data are aligned at the distances equivalent to a common source depth of 600 km. Figures 6d and 6f, model E12) , respectively. A source depth of 600 km is used in the synthetic calculations (Figures 6c -6f ) . jump of 0.765 km/s across the inner core boundary and W1 velocity gradient in the top of the inner core, explains the waveform features at the bifurcation distance range (125°-132°), but it predicts PKIKP phases earlier than those observed at large distances (dashed blue traces, Figure 6e ).
Model E12, with a P velocity jump of 0.732 km/s across the inner core boundary and W1 velocity gradient in the top of the inner core, on the other hand, predicts correct timing for the observed PKIKP phases sampling the eastern hemisphere at large distances, but it fails to explain the waveform [14] The attenuation structures are obtained by fitting the average observed relative PKIKP/PKiKP amplitudes. In practice, to account for the effects of attenuation, we convolve PKIKP synthetics with an attenuation operator t*, which is the time integral of Q À1 along the ray path in the inner core. The hemispherical difference of attenuation structures is also resolved. For example, an average Q value of 250, which is obtained by fitting the average PKIKP/PKiKP amplitude ratios for the phases sampling the eastern hemisphere, would underpredict PKIKP relative amplitudes for those sampling the western hemisphere (dashed traces, Figure 5b) . The above Q values are obtained based on the assumption that the inner core boundary is a first-order discontinuity. The inferred values of attenuation may be affected by the transition thickness and the roughness of the inner core boundary. Short-period Figures 3b and 3d . E1, E2 are models for the eastern hemisphere of the top of the inner core, whereas W1, W2 are for the western hemisphere. E1, W1 have the same values as PREM (dashed line) in the outer core, whereas E2, W2 have a different velocity gradient in the bottom of the outer core. In the top of the inner core, the velocity difference between E2 and W2 is the same as that between E1 and W1.
seismic data collected at the distance range of 110°-120°c onstrain the transition thickness of the inner core boundary to be less than 15 km, as such a transition thickness would produce complex waveforms which are not observed in the short-period seismic data sampling the both hemispheres. The predicted relative short-period PKIKP/PKiKP amplitudes are affected little within these allowable transitional thicknesses of the inner core boundary. As a result, our inferred Q values are affected little by using a first-order discontinuity to represent the inner core boundary. The roughness of the inner core boundary may also have effects on the PKP amplitudes. Unfortunately, we are hindered from addressing this issue because of our lack of knowledge of the roughness of the inner core boundary and seismic tools to deal with three-dimensional wave propagation in such high-frequencies.
[15] As an alternative to intrinsic attenuation, seismic scattering is also suggested as an explanation to the observed small amplitudes of PKIKP phase [Cormier et al., 1998 ]. We consider this alternative by testing various random scattering models with different RMS variations of isotropic velocity. The seismic scattering indeed has similar effects as intrinsic attenuation: it reduces the amplitude and broadens the waveshape of PKIKP phases (Figure 10 ). Not surprisingly, these effects are sensitive to the magnitude of seismic scatterers. In order to match the observed amplitudes of the PKIKP phases sampling the eastern hemisphere, the magnitude of RMS velocity variation is required to be between 5% and 9% in our two-dimensional modelings. On the other hand, the observations sampling the western hemisphere of the inner core require no scattering or scattering with little RMS variation of velocity (<3%). We note that, however, the current scattering model produces synthetics (Figure 10d ) which are broader than the data sampling the eastern hemisphere. Our goal here is not to search for a unique scattering model in the two-dimensional modeling. Rather, we place bounds on the magnitude of velocity variation required to explain the observed relative PKP amplitudes.
Discussion
[16] These seismic characteristics are important to our understanding of the nature of seismic anomalies in the top of the inner core. (1) There exists a difference of seismic velocity and attenuation, with the magnitude of P velocity variation of 1.3%-0.8%, between the eastern and the western hemispheres and (2) the region of high velocities (the eastern hemisphere) has high attenuation or strong scattering.
Possible Interpretations
[17] A large-scale variation of temperature in the top of the inner core could unlikely explain the observed seismic structures for two reasons: (1) temperature variation is expected to be small (0.1 -10 K) in the top of the inner core [Jeanloz and Wenk, 1988] , the seismic anomaly associated with this magnitude of temperature variation is unlikely detectable from seismology and (2) temperature effect would predict high velocities correlating with low attenuation, opposite to our observations.
[18] Creager [1999] suggests that the variation of seismic velocity in the inner core is a result of different alignments of the anisotropic hcp-iron crystals rather than variations of temperature or composition. It is theoretically plausible that different alignments of the hcp-iron crystals could generate a velocity variation of 1.3% -0.8% between the two hemispheres, based on the available data about the seismic properties of the hcp-iron crystals [Stixrude and Cohen, 1995; Mao et al., 1998 Mao et al., , 1999 . For this mechanism to work, it would also require that the hcp-iron crystals are anisotropic in attenuation, with the direction of high attenuation corresponding to the direction of high velocity.
[19] Another possible explanation for the observed variations of seismic velocity and attenuation is existence of different geometric inclusions, and perhaps different fraction, of melt between the two hemispheres in the top of the inner core. The velocity and attenuation in a partially molten medium depend strongly on the fraction, geometry, and viscosity of the melt [Singh et al., 2000] . It is plausible that different geometric inclusions of the melt between the ''two hemispheres'' generate a variation of P velocity of 1.3%-0.8%, a difference of attenuation and a correlation between high velocity with high attenuation [Singh et al., 2000] .
Possible Mechanisms
[20] We suggest that a large-scale (degree 1) heat flow anomaly at the bottom of the outer core might affect the Figure 9 . Travel time curves for PKIKP and PKiKP phases for six different models shown in Figure 8a . Note that although models W2 and E2 produce different absolute arrival times from models W1 and E1, the predicted differential PKiKP-PKIKP travel times between models W2 and E2 are the same as those between W1 and E1. PREM1 is a modified model from PREM with the velocity values of model E2 in the outer core.
ESE solidification of the inner core and thus produce the degree 1 pattern of seismic velocity in the top of the inner core [Niu and Wen, 2001] . In order for this mechanism to work, the large-scale heat flow should be able to sustain for a long period of time, because the solidification of the top 80 km of the inner core would probably take 80 Ma . One possibility is that this large-scale heat flow at the bottom of the outer core is induced by a large-scale, relatively stable, heat flow at the core mantle boundary, similar to those observed in the laboratory experiments [Sumita and Olson, 1999] .
[21] We further suggest that the degree 1 pattern of seismic structure may also be caused by thermal convection driven by internal heating in the top of the inner core. It has been Figure 10 . Synthetic seismograms for models with random scattering media with various RMS variations of P velocity and a correlation length scale of 1 km. (a -c) Synthetics for media of uniform random scattering with RMS variations of 3%, 5%, and 7%, respectively; (d) synthetics for a model with random scatterers with RMS variations varying from 9% in the inner core boundary to 5% in 100 km below the inner core boundary. Synthetics are calculated by hybrid method [Wen and Helmberger, 1998 ], with finite difference technique applied in the top of the inner core.
argued [e.g., Yoshida et al., 1996] , because of the highly incompatible nature of the radiogenic elements, that the very slow rates of crystallization of iron from the outer core would likely exclude the major radiogenic elements, such as U, Th, K, from the solid inner core. The lack of heat resource and the large thermal conductivity of iron crystals would likely prohibit convection in the inner core [e.g., Yoshida et al., 1996] . However, if the top of the inner core is partially molten, radiogenic elements could coexist in the top of the inner core and convection is possible. It is, however, unclear how convection could generate a degree 1 pattern of flow, especially if the convection is confined in the top of the inner core and the vertical scales of the convection system are limited. Perhaps, a more reasonable explanation lies that a difference of vertical scale, viscosity and heat resource in the western and eastern hemispheres results in different vigorousness of convection in the top of the ''two hemispheres'' (Figure 11) . The different vigorousness of convection produces different geometric inclusions of melt and/or different alignments of iron crystals between the two hemispheres. The existence of different viscosity and heat resource in the top of the two hemispheres is difficult to prove, but it is not an unreasonable assumption. The varying thickness of the top isotropic seismic layer between the eastern and western hemispheres is supported by various seismic studies [Song and Helmberger, 1998; Tanaka and Hamaguchi, 1997; Creager, 1999; Garcia and Souriau, 2000] .
Implications to the Cause of Anisotropy in the Inner Core
[22] The hypothesis of convection in the top of the inner core does not exclude solidification texturing [Bergman, 1997] as a mechanism for the observed anisotropy in the deeper part of the inner core. It is possible that the real solidification texturing takes place at the bottom of the isotropic seismic (convecting) layer, or convection disrupts the solidification texturing in the top of the inner core. If, however, vigorous convection in top of the inner core is required to generate the large-scale seismic heterogeneities we observed, it would probably exclude the anisotropy mechanisms appealing to the boundary forces at the inner core boundary, such as magnetic fields [Karato, 1999] and preferential growth of the inner core . Such boundary forces would likely be accommodated in the top convecting layer. Convection as a mechanism for the deep observed anisotropy [Jeanloz and Wenk, 1988; Weber and Machetel, 1992] still hinges on how much heat resource could reside in the deeper part of the inner core and how convection generates anisotropy with an axial symmetry.
Conclusion
[23] We collect a global data set of PKIKP and PKiKP phases recorded by the Global Seismic Network and many regional seismic arrays to study seismic structure in the top of the Earth's inner core. The PKIKP and PKiKP observations show different characteristics between those sampling the eastern hemisphere (40°E-180°E) of the inner core and those sampling the western hemisphere (180°W-40°E). PKIKP phases (1) arrive about 0.4 s earlier than the theoretical arrivals based on PREM for those sampling the eastern hemisphere of the inner core, and about 0.3 s later for those sampling the western hemisphere (131°-141°); (2) bifurcate at smaller epicentral distances for those sampling the eastern hemisphere, compared to those sampling the western hemisphere; and (3) have smaller amplitudes for those sampling the eastern hemisphere.
[24] Waveform modeling of these observations suggests two different types of models for the two hemispheres in the top of the inner core. The model in the eastern hemisphere has a P velocity increase of 0.765 km/s across the inner core boundary, a small radial velocity gradient of 0.000055 (km/s)/km, and an average Q value of 250, whereas the model in the western hemisphere has a P velocity increase of 0.633 km/s across the inner core boundary, a radial velocity gradient of 0.000533 (km/s)/km and an average Q value of 600. The difference of the inferred seismic velocities between the two hemispheres is independent of seismic structures assumed in the bottom of the outer core.
[25] The difference of seismic structures of the two hemispheres may be explained by different geometric inclusions of melt and/or different alignments of iron crystals with anisotropic properties in both seismic velocity and attenuation. We speculate that this large-scale pattern of seismic heterogeneities may be generated during solidification influenced by a large-scale heat flow anomaly at the bottom of the outer core, and/or different vigorousness of convection in top of the inner core between the two hemispheres.
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